Please cite this article in press as: Palati, M., et al., Modeling and system improvements for a fast rise time Marx generator. J. 
Introduction
In high voltage pulsed power systems (a few hundreds of kilovolts), very fast current pulses (rise times of microseconds down to less than a nano second) of high magnitude (a few kiloAmpere to tens of kiloAmpere) are required to be achieved in many applications such as directed energy weapons, repetitive pulsed power generators, particle beam generators, linear induction accelerators, laser drivers, electromagnetic pulse simulators, medical applications (Pai and Zhang, 1995; Akiyama et al., 2007; Fukawa et al., 2008; Spahn et al., 2011; Jang et al., 2004; Anon., 2016a; Jayaram, 2000; Sharma et al., 2011) etc. All these devices give output pulses of rise times in the range of a few nano seconds to a microsecond.
The most conventional method of generating high voltage (HV) high current pulses is by using Marx generators. In a conventional Marx generator, used globally & very extensively for generation of 1.2/50 s voltages to simulate lightning over voltages (faced by power-system components), inductance of the generator does not play a major role. However, when pulses of much shorter rise times, less than 0.5 s are required, inductance of the generator starts becoming important and becomes very crucial when rise times in the nanosecond range are required (Palati, 2015) .
System overview
BARC has a Marx generator (Marx 1) having 6 stages, each stage having two capacitors in series, identified here as type-1, each rated 0.15 F, 50 kV. The Marx is placed in a closed cylindrical shell of internal diameter 53 cm which is used as a return path. This Marx can deliver approximately 300 kV to a matched load. The output current (being a very important parameter) has a peak value of about 10 kA (I P ), rise time of 200 ns and full width half maximum duration (FWHM) of about 300 ns. The desired values were 20 kA (peak) current or more with a FWHM of 200 ns or lower. The rise time would be correspondingly smaller.
Estimation of inductance of the Marx with the metallic cylindrical shell as return path
As mentioned above, in achieving faster rise times & FWHM, reduction of inductance of the circuit is crucial. To appreciate the significance of return path on inductance, assume the forward path (representing the Marx column) to be a conductor of 3 mm diameter and the return path to be the metal tube of diameter 53 cm (Sharma et al., 2011; Palati and Sharma, 2015) . The inductance of this configuration will be
The basic principle in reducing the inductance is to reduce the volume occupied by the flux between the forward and return paths. The coaxial cylindrical return conductor used presently has a diameter of 53 cm and results in a large volume (occupied by flux) and hence in larger inductance. Now consider a return path comprising a metal sheet at a spacing of 20 mm from the center of a 3 mm diameter rod (considered in above example). The inductance would be μ о 2π ln 2h r = 0.2 * 10 −6 * ln 40
This is a reduction of 36% from the previous value of 1.03 H/m which can be very useful in the limiting conditions that are always faced in such applications.
In the light of the above, it was decided to use a plane sheet of conductor as the return path placed close to the forward path, consistent with the fact that there must be adequate insulation to withstand the full level output voltage (on matched load). This insulation is proposed to be in the form of a teflon (PTFE) sheet of sufficient thickness, 12 mm.The teflon sheet should have sufficient width to provide adequate surface creepage distance to avoid surface flash over. This exercise was conducted on a second Marx generator, Marx 2, having 7 stages, each stage with two 0.15 F, 50 kV in series. A schematic of the arrangement of capacitor, teflon insulating sheet & metallic return plate is shown in Fig. 1 .
